Abstract
Background
Numerous studies have found a positive association between a favorable built environment and physical activity, such as walking or bicycling (1) (2) (3) (4) . Parks are an integral part of the built environment. They exist in many communities and often provide free places for physical activity (5) . Researchers and public health practitioners have studied access to parks to help plan where new parks should be developed, to identify underserved locations, and to determine what facilities should be offered at the parks (6) (7) (8) (9) . The development of geographic information systems (GIS) has facilitated the study of spatial access and use of parks.
Researchers using GIS to study parks can obtain parks data from several sources. Sources include using commercial sources (9, 10) , assembling park locations from local jurisdictions, such as municipal or county governments (7, 11) , and on-the-ground audits that include measuring park boundaries in the field (12) (13) (14) . Each of these sources varies in cost and time required. To our knowledge, no study has compared the accuracy of commercial and municipal/county data sources in representing park geographic area and amenities. Our study compared parks data obtained from commercial sources with those from municipal and county government sources for 3 large metropolitan areas in 3 US states: North Carolina, Maryland, and New York. The findings highlight strengths and limitations of both data sources. We also explored the effect of parks being omitted from both data sources.
Methods
We defined a park as a public place set aside for physical activity and enjoyment. This definition did not include cemeteries, mobile home parks, historic sites, professional stadiums, country clubs, zoos, private parks, private facilities (such as stand-alone baseball or tennis facilities), or stand-alone recreation centers.
Study area
The study areas corresponded to 3 of 6 US locations from the Multi-Ethnic Study of Atherosclerosis (MESA), a cardiovascular cohort study that enrolled 6,814 participants from 2000 through 2002 (15). The 3 study areas, as defined by the MESA Study, were expanded to capture areas where participants had moved since enrollment. In this paper, we refer to the study areas by 
Data collection
From 2009 through 2012, we used municipal or county GIS shapefiles (GIS files that include the park name and an outline of each park drawn as a polygon) to locate parks, most of which came from planning, parks, and recreation departments. In a few instances, we used Google maps (http://maps.google.com/maps) to draw a park boundary when no other outline of the park was available. If only part of the polygon for a confirmed park was in the study area, we included it in our study. Parks with multiple polygons but the same name were manually merged and designated as 1 park. Parks were verified by using Internet searches, telephone inquiries, and if necessary on-the-ground audits.
To determine the amenities available at each park (eg, tennis courts, basketball hoops, swimming pools), we searched online, contacted municipal/county departments, or visited the park. This process also allowed us to verify that the park conformed to our park definition.
We obtained commercial data on parks for 2010 from Esri (Esri, Redlands, California). Esri metadata (a summary document containing information on the data set) indicated that parks and forests were identified at the national, state, and local levels, including county and regional parks, and referenced Tele Atlas MultiNet North America (Lebanon, New Hampshire; www.teleatlas.com). We verified the existence of parks and park facilities that Esri identified by using the same methods we used to verify municipal/county sources, primarily through Internet searches and telephone inquiries.
Statistical analysis
We used several tools in ArcGIS 10.0 (Esri, Redlands, California) to compare the park shapefiles obtained from the commercial sources with files obtained from municipal/county sources. For each of the 3 states, GIS files from both data sources were assembled and overlaid using the state plane coordinate system. Parks that partially overlapped were explored manually in ArcGIS by comparing the park name, shape, and percentage of the area overlapping to determine whether the parks were the same.
The area of each park polygon was calculated for both data sources by using the ArcGIS calculating geometry tool. With the 2 shapefiles projected on top of each other in ArcGIS, the concordant park area from the 2 data sources was extracted, corresponding to spatially matched areas. This area in square miles was calculated for both matched and mismatched park areas.
To quantify the impact of missed parks (defined as parks reported in one data source but not the other), we calculated an indicator described in the Centers for Disease Control and Prevention's (CDC's) recommended strategies to enhance or create access to places for physical activity (16) . The indicator for the extent of the public's access to parks was defined as "the percentage of US census blocks with parks." The indicator was calculated as the proportion of 2010 census blocks that have at least 1 park within the block or within 0.5 miles of the block boundary. This metric was calculated for both data sources separately and for both combined. As a second metric to quantify the effect of missed parks, the percentage of parks with each type of facility missed (eg, basketball court, swimming pool) was calculated for both data sources.
Results
Overall, we verified the existence of 383 parks in the NC study area, 436 parks in the Maryland study area, and 892 parks in the New York study area (Table 1 ). The commercial data source did not include the following percentage of parks found and verified in municipal/county sources: 31.1% (119/383, 20.3 sq mi) in North Carolina, 42.9% (187/436, 21.8 sq mi) in Maryland, and 71.7% (640/892, 13.5 sq mi) in New York. The municipal/county data sources did not include the following parks found and verified in the commercial source: 15.7% (60/383, 9.9 sq mi) in North Carolina, 27.5% (120/436, 74.6 sq mi) in Maryland, and 9.0% (80/892, 6.3 sq mi) in New York. Municipal/county data sources showed higher percentages of land area with parks for North Carolina and New York than did the commercial data sources but a lower percentage for Maryland.
To examine the effect of parks missing from either data source, we explored how the CDC indicator of at least 1 park within a census block or 0.5 miles from the block boundary varied with commercial data and municipal/county data. On the basis of verified (ie, via Internet searches, telephone inquiries, and audits) and combined data sources (ie, parks identified from either or both commercial and municipal/county source), the proportion of census blocks with park access was 35.2% in North Carolina, 64.1% in Maryland, and 97.9% in New York (Table 2) . Verified combined parks from municipal/county data sources were more accurate than estimates from commercial sources for North Carolina (absolute proportion difference, 1.1% municipal/county vs 6.2% commercial) and New York (absolute proportion difference, 0.7% municipal/county vs 28.6% commercial), but less accurate for Maryland (absolute proportion difference, 7.6% municipal/county vs 5.2% commercial).
To examine the impact of missing parks in either data source, we also quantified the facilities missed if relying only on 1 data source (Table 3 ). For example, if relying only on municipal/county park data, the data would be missing 12 parks with baseball or softball fields in NC, 30 parks in MD, and 14 in NY. If relying only on the commercial park data, the data file would be missing 34 parks with baseball or softball fields in NC, 72 in MD, and 105 in NY.
Discussion
When comparing parks data obtained from commercial and municipal/county sources, we found that both data sources omitted parks whose existence was verified through Internet searches, telephone inquiries, or on-the-ground audits. The most accurate park assessment was derived by combining verified commercial and municipal/county data together.
There are several advantages and disadvantages to both commercial data and municipal/county park data for research purposes. Although it may be necessary to purchase commercial data, such data may be easier to use and require less staff time. A disadvantage to commercial data sources is that they may include spaces that are not considered parks by the researchers' definition.
Municipal/county parks data files were generally more complete than commercial data sources; however, acquiring them required significant staff time. The quality of municipal/county GIS data varied across geographic areas, and it was unclear how frequently data files were updated. Therefore, they may be temporally mismatched across multiple administrative boundaries. Users should be aware that national parks, state parks, and forest areas may not be included in municipal/county parks data.
Neither municipal/county or commercial sources of parks data provided information on facilities in the park or the quality of parks. Facilities offered at the park can be identified, as in our study, through Internet searches, telephone calls, and site visits if needed; data on park quality can be collected through site visits or, as in New York City, through its park inspection program (8) . Neither the municipal/county or commercial data sources included private neighborhood parks that may be accessible to the public. Whether these parks are of interest can be determined through an audit or site visit, although private neighborhood parks without road access may still be missed. Audits may miss parks that are unnamed (ie, lack signage), and conducting audits may require significant time and cost (14). Although park shapefiles in commercial data sources are static, we learned that they are fluid in municipal/county sources. By "fluid" we mean that parks may be added, removed, or renamed and that facilities within parks can change over time. Park shapefiles and inventory of amenities should be updated if a study spans an extended period.
Impact of the park data source
To explore the impact of the 2 park data sources, we used a CDC indicator: the percentage of census blocks that had parks within their block or within 0.5 miles of the boundary (16) ( Table 2) . We compared our results with CDC's finding of a 20% median across the United States of access to parks, ranging from 2% (Mississippi) to 47% (California). For its calculations, CDC used national, state, county, and local parks data from a 2007 commercial source. We calculated the indicator by using municipal/county and commercial parks data and found that the result varied between the 2 data sources and across locations. When compared with the combined and verified park data, the absolute prevalence difference ranged from 0.7% to 7.6% for municipal/county data and 5.2% to 28.6% for commercial data. The differences were most remarkable for the commercial data for New York, because a large number of parks were missing. For North Carolina and New York, municipal/county data provided estimates closer to the combined and verified data than did data from the commercial source. However, for Maryland the commercial data provided estimates closer to the combined and verified data because of the larger spatial area of parks that were in the commercial data but not in the municipal/county data.
We also calculated the effect of parks missing from both data sources by quantifying the facilities at each park that were missed (Table 3) . We found that parks that were missed did contain a variety of facilities, a finding that had a larger impact on most commonly found active park facilities, such as baseball or softball fields and basketball hoops.
Study limitations
Our study had several limitations. First, we did not compare results from the 2 data sources used here (ie, park data from the commercial source and data from municipal/county sources) with other commercial data sources that may be available. Second, we were unable to compare results by urbanicity and recognize that the quality of parks data for urban and rural areas may differ. Third, in some instances, the park shapefiles from the 2 data sources did not exactly match. In these situations, we determined if parks from the 2 sources were the same parks or different parks by comparing the park name, shape, and percentage of the area overlapping from visual inspection, by comparing names to see if they matched, and by the percentage of park area that matched.
This method was not subjective, because we did not go to the parks to see the differences. Fourth, the metadata from both sources could have provided more information on the geospatial data, such as the content, quality, positional accuracy, coverage, scale, and date of collection, but was not provided (17).
Conclusion
GIS-derived measures of parks allow practitioners and researchers to investigate park accessibility and associations of parks with physical activity by nearby residents. Studies of park accessibility and associations with physical activity would benefit from quantification of the degree of error in GIS data and ultimately the potential bias that such error introduces to surveillance measures and to environment-health associations (18). In assessing both commercial and municipal/county data sources, we found count errors (neither source listed all parks), attribute errors (commercial sources listed some parks that were not verified as such), and positional errors (parks listed in the 2 data sources did not always align). Using both data sources and verifying that parks existed was the most accurate way to develop the park shapefile in this study. However, it is still possible that parks were missed even though we used both sources.
These findings indicate that practitioners and researchers should check park shapefiles from commercial or municipal/county sources before using them by verifying them against other sources of information. A comprehensive parks file for the entire United States, developed using standardized GIS protocols (17,19), could facilitate parksrelated research. With more than 9,000 local parks and recreation departments and organizations that manage more than 108,000 public park facilities and 65,000 indoor facilities (20) , the coordination of data across jurisdictions is complex. A database to house this information that is regularly updated could be useful to future research and for surveillance purposes. Parks that were identified in both data sources. Includes 28 parks in North Carolina, 55 in Maryland, and 30 in New York that did not meet our definition of a park, which was defined as public place set aside for physical activity and enjoyment. This definition did not include cemeteries, mobile home parks, historic sites, professional stadiums, country clubs, zoos, private parks, private facilities (such as stand-alone baseball or tennis facilities), and stand-alone recreation centers. The exact area where parks from municipal/county data were overlaid with parks from the commercial data. Parks missed when relying only on commercial data or only on municipal/county data. The numbers given in this table for "parks missed when relying only on municipal/county data" (32, North Carolina; 65, Maryland; and 50, New York) are lower numbers than those shown in Table 1 (60, 120, 80, respectively) . The difference is because some parks in the municipal and county data did not meet the study's park definition.
Number and percentage of facilities in missed parks.
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